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Abstract
This chapter deals with the method of comprehensive assessment of the sustainability of
coastal infrastructure systems of the Arctic zone of the Russian Federation, which allows
analyzing the socioeconomic development of the Arctic regions of Russia in order to
ensure national security, as well as forecasting the environmental and socioeconomic
situation in the coastal zone of the Russian Arctic using simulation prediction methods.
To account for medium- and long-term climate, environmental, economic, legal, and
geopolitical changes in the Arctic in assessing the sustainability of coastal infrastructure
systems, it is proposed to use a comprehensive indicator system consisting of five-factor
subsystems. As a result of the analysis of the possibilities of accounting for medium- and
long-term complex changes, a dynamic model of strategic spatial planning of marine
activities is implemented in the regions of the Arctic zone of the Russian Federation on
the basis of a comprehensive analysis of the sustainability of coastal infrastructure sys-
tems. By this model, values of the indicator were received for each of the factors of
stability and the complex integral index of sustainability of coastal infrastructure systems
of Russian Arctic for modern, historical, and future periods.
Keywords: coastal infrastructure systems, Arctic zone of the Russian Federation,
sustainability, indicator methods, comprehensive assessment
1. Introduction
The importance of Arctic spaces and resources in the people livelihoods and the formation of
the global gross product have increased. It is predicted that as a result of global climatic
changes in the future, the dominant position in the structure of world trade may emerge
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commodity flows passing through the high-latitude transport and communication routes of
the Arctic. The full-scale development of mineral and energy resources of the richest Arctic
continental shelf begins, which is due to the depletion of mineral resources of the continental
part of the Earth and directly affects the structure of the world’s energy supply. In the near
future, according to the scenario forecasts of the UN World Food Organization, there will be a
sharp jump in demand for marine industrial fishery products, in the production of which the
Arctic region plays a significant role. The global climate-forming function of the Arctic Ocean
and its importance in ecosystem dynamics encourage to intensify fundamental research of its
nature. Arctic states are actively developing tourism and recreational business [1–5].
Thus, it becomes important to solve the problem of developing the scientific basis for a
comprehensive assessment of the sustainability of coastal systems and coastal infrastructure
in order to implement the tasks of territorial planning and the analysis of socioeconomic
development of the Arctic zone [6–8].
2. Background of approaches to the assessment of the sustainability of
coastal systems and infrastructure
At present, there is no unified approach to the assessment of the sustainability of coastal systems
and infrastructure and their impact on the environment caused by various factors. The existing
global and regional concepts on the rules for assessing the sustainability of coastal systems and
their impact on the environment are a common set of rules, on the basis of which national and/or
local regulatory documents are developed, which reflect the regional characteristics of coastal
zones and coastal infrastructure [9].
In different countries, there are different approaches to the valuation and assessment of the
sustainability of the coastal zone and located infrastructure and of their impact on the envi-
ronment. In general, all the countries can be divided by Australia and New Zealand, the USA
and Canada, and the European Union.
The Australian approach is oriented for maintaining the quality of the coastal zone and the
environment and prevents its violation. In the US, the priority is the principle of the lack of
wishes to violate the norms. In these countries, the assessment of the sustainability of coastal
systems and infrastructure is based on the fact that any changes require a permit for the
conduct of coastal works, which set out all the necessary parameters and conditions.
The European Union framework directives give only general provisions on water quality, soil
quality, coastal zone in General and environmental impact, while numerical values are set by the
EU countries themselves. Thus, within the EU, there are no uniform standards adopted, and
most countries are subject to international agreements such as HELCOM,which is more regional,
with detailed methods for assessing the sustainability of the coastal zone and its infrastructure,
and their impact on the environment.
Common to all countries are the recommendations of national and/or framework laws, regula-
tions, and existing methods for assessing the sustainability of coastal systems and infrastructure.
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On this basis, they develop their regional/territorial regulatory methodologies to reflect the
characteristics of the region in order to reduce the negative impact on the coastal zone and the
environment as a whole.
The basic principles of such assessment systems, based on international experience, include
[10] the following:
• the principle of preventing the wishes to exceed established standards and benchmarks;
• the principle of accumulated unit points, and so on;
• the principle of “reference” system;
• the principle of particularly valuable biotopes.
Modern trends of harmonization of economy and ecology in order to overcome the global
environmental crisis require not only to ensure the ecological and economic security of
the territory and society but also effective diagnosis, allowing timely and in the required
range to identify the problem areas of regional ecological and economic systems, preventing
their bringing to the state of pathology and degradation of the entire system or its individual
elements.
In the modern world, one of the most important functions of effective management of
the development of the region is to assess the level of comprehensive socioeconomic and
environmental development of the territory, based on a system of indicators. In other
words, indicative planning is an integral part of regional development. Although the
scientific foundations of indicative planning were developed in the 1920s, they have not
yet found real practical application in Russia [9]. Nevertheless, it should be noted that
recently in Russia, the role of indicative planning in regional management is growing
rapidly.
The need to develop indicators to assess the state of the state and the direction of its compre-
hensive development was formulated in 1992 at the UN Conference on Environment and
Development in Rio de Janeiro. This is noted in one of the main documents, Agenda 21,
Chapter 40, that in order to create a reliable basis for decision making at all levels and to help
alleviate the self-regulating sustainability of integrated environmental systems and systems
development, it is necessary to develop indicators of sustainable development [11]. Thus, the
global interest in the sustainable development of territories necessitates a comprehensive
analysis and assessment of all components and indicators that determine the comprehensive
sustainable development.
One of the problems solved by the scientific community today is the development of universal
indicators assessing the comprehensive components of sustainable development of territories,
including environmental, geographical, socioeconomic, and other parameters of development.
However, there is still a lack of consensus on the assessment of the sustainability of the
development of the territories. In addition, due to methodological and statistical problems,
individual characteristics of different territories, the world-recognized comprehensive index
does not exist yet [7, 12, 13].
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A prerequisite for the assessment of the integrated sustainability of regional development is a
comprehensive analysis of data at all levels of the national economic system: inter-country,
national, regional (e.g., subjects of the Russian Federation), and local (local municipalities).
This procedure concerns both the development of a system of indicators for assessing the
sustainability of territorial development and their monitoring [14].
Nevertheless, it should be noted that currently both Russian and foreign scientists are trying to
create a methodology for the indicator assessment of development sustainability, which takes
into account the impact of economic, social, and environmental factors, which proves the
relevance of the problem of creating a methodology for assessing the sustainability of regional
socioeconomic and environmental systems. The main requirements to the system of indicators
of sustainable development of regional socioeconomic systems, taking into account the char-
acteristics of the regions, acting as the basis for building a system of indicators for assessing the
sustainability of regional systems, are the following [7, 15, 16]:
• a systematic approach is required for choosing indicators, which takes into account the
interaction of subsystems;
• the number of indicators should be sufficient but, if possible, limited;
• data collection should not be linked to the need for hard, costly, and time-consuming work;
• all indicators should be transparent; and
• indicators should be complementary.
However, indicators are
• used to justify the decision by quantifying and simplifying;
• help interpret changes;
• allowed to reveal shortcomings in environmental management;
• made it easier to access information for different categories of users;
• facilitated the exchange of scientific and technical information.
The indicator is the most applicable to the process of regional management, the totality of
which are index, which are the basis of ecological and economic modeling of the territory
development process.
The harmonious combination of indicators assessing the quality of the population, the natural
environment, the regional business, and environmental policy will avoid the result of the “sys-
tem degrades,” as the timely detection of intermediate States is an important condition for
effective environmental and economic modeling of the territory’s development process [17].
In general, on the basis of Russian and international experience in assessing the sustainability
of coastal systems and coastal infrastructure, in applying to the tasks of territorial planning, it
is necessary to take into account the need to use a multilevel system for assessing the sustain-
ability of coastal systems and infrastructure.
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3. Methodology and concept for comprehensive assessment of coastal
systems and infrastructure sustainability
The main purpose of the methodology for the comprehensive assessment of the sustainability
of coastal systems and coastal infrastructure of different spatial levels is to identify the condi-
tions for the stability and formation of the potential of the functioning and development of
coastal infrastructure of coastal areas as territorial systems of different spatial levels, as well as
their interaction with the environment.
The methodology of comprehensive assessment of coastal systems and coastal infrastructure
sustainability and analysis of its components can be used for the following tasks [18]:
• identification and study of factors of territorial organization of nature and society within
coastal systems;
• study of the structure and functional dependencies between components (factors, indi-
cators, and indexes) of stability, which explain the nature of intra-system links, forming
an assessment of the sustainability of the considered coastal system and coastal infra-
structure and its variability, both within the system and between the system and the
environment;
• obtaining a comprehensive assessment of the sustainability of coastal systems and coastal
infrastructure as an assessment of the sustainability of the operation and economic devel-
opment under the influence of various factors;
• regionalization, zoning, and typology of coastal systems as territorial systems of different
spatial levels;
• development of principles of strategic development of coastal systems and coastal infra-
structure for a certain period of time; and
• scientific substantiation of coastal territorial systems and infrastructure management.
The methodology of assessment and analysis of the components of the sustainability factors of
coastal systems and coastal infrastructure for different spatial levels can allow
• obtain reliable data on the state of coastal systems and infrastructure at various spatial
levels;
• provide persons and organizations making decisions with the information necessary for
the prospective assessment of living conditions of the population and placement of com-
ponents of the economic coastal complex;
• to develop strategic development plans for coastal systems of different spatial levels; and
• to make forecasts of the interaction of society and the nature, including an optimum
variant of the placement of productive forces and the forecast of a condition of coastal
systems depending on the scenario of development.
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At the same time, the indicator approach, which is considered as the basis for the assessment
and analysis of the components of the sustainability factors of coastal systems and coastal
infrastructure for different spatial levels, involves the use of different systems of indicators for
the analysis and assessment of the state of stability and development trends of coastal systems.
The main critical points of using the existing indicator systems are as follows [7, 18]:
• most indicator systems operate on the absolute values of indicators, without actually
conducting a comprehensive integrated assessment of sustainable development;
• there is no uniform approach to the formation of system of comprehensive assessments of
a condition; and
• in principle, the specificity of coastal systems is not taken into account in the existing
indicator systems.
Assumptions that can be used in the development of indicator subsystems and methods for
indicators calculating can be summarized as follows:
• indicator value must be dimensionless and takes values ranging from 1 to +1;
• requires the rejection of the use of weight functions in the calculation of integral indica-
tors, as this will lead to ambiguity and controversy in assessing the importance of each
indicator.
There are four main groups of methods to determine the values of various indicators [7, 18]:
1. Method of the indicator calculation based on the approximate degree of the parameter
value to the maximum value. The maximum value can be defined as the maximum value
of this characteristic of all coastal zone of the relevant spatial level. Indicator values are
always between 0 and 1.
2. Method of the indicator calculation based on the deviation degree of the parameter from
the average value. The average value of the considered characteristic of all coastal areas of
the relevant spatial level is taken. Indicator values are always more than 1, without loss
of the upper limit.
3. Method of the indicator calculation based on the deviation degree of the parameter-
specific values from the specific values of similar parameters of a higher spatial level. For
example, as a parameter of a higher spatial level, it is possible to have a value with the
same characteristic of the Russian Subject coastal zone, if the considered parameter refers
to the level of the coastal Regional Municipality of the Russian Federation, and so on.
Norm-referenced values can be taken, for example, the population of the corresponding
level, area square, and so on. Indicator values are always more than 1, without loss of the
upper limit.
4. Method of the indicator calculation based on the deviation degree of the parameter from
the extreme values. As the extreme values can be taken, the maximum and minimum
values of the characteristic of all coastal areas of relevant spatial level. Indicator values
are always in the range from 1 to +1.
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Certainly, the construction and use of indicator systems can be combined by the methods of
calculating the indicator values.
A comprehensive value reflecting situation of the coastal regions and its infrastructure condi-
tion can be considered as a set of groups of indexes.
As the main approach to the comprehensive assessment of the sustainability of coastal
systems and coastal infrastructure, it is necessary to use the GIS-based research method.
GIS in this case is a kind of catalyst, which is necessary for solving problems related
to the spatial distribution of climatic, environmental, economic, legal, and geopolitical
aspects.
Many GIS are related to inventory-type tasks that focus on data and measurements (e.g., land
cadastre tasks); others are related to management and decision-making tasks with a focus on
modeling and complex data analysis. The first type of task is most important because it
accounts for the maximum number of implemented systems, including the largest number of
users and the volume of data collected. However, GIS is also widely used as a reference
system. Regardless of whether powerful analytical procedures and complex queries are avail-
able for working with data, GIS is very often used as a decision-making tool, and the efficiency
achieved here is often very high due to the clarity of cartographic visualization of information
and ease of access to information.
For the purposes of complex assessment of sustainability of coastal systems and coastal
infrastructure of the Arctic zone of the Russian Federation, the concept of GIS-tool “AZRF
Coastal Systems” was made. In general, such GIS is a special information system that collects,
processes, stores, displays, and distributes spatial data, as well as non-spatial data on the
coastal systems of the Russian Arctic including the maritime components.
Structurally, GIS “AZRF Coastal Systems” consists of the following elements:
• multistructural databases (banks of data and knowledge) with the necessary quality of
dynamism, that is, the ability to quickly process and continuously update, reflecting all
changes occurring in the coastal systems of the Russian Arctic;
• variety of different models, algorithms, and programs for processing and converting data
on the coastal systems of the Russian Arctic in semantic spatial information in accordance
with certain requirements of processing and visualization in GIS; and
• interface set access to GIS.
GIS “Coast of the Russian Arctic” was implemented at three spatial levels:
• global (spatial–temporal database for the whole set of coastal systems of the Russian
Arctic);
• regional (spatial–temporal database on the coastal subjects of the Russian Arctic); and
• regional (spatial–temporal database for coastal municipalities of the Russian Arctic).
GIS at the third local level is currently under development.
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4. Dynamic model of strategic spatial planning of maritime activities of the
regions of the Russian Arctic on the basis of a comprehensive analysis of
the sustainability of coastal systems and coastal infrastructure
Dynamic model of strategic spatial planning of maritime activities in the regions of the Russian
Arctic on the basis of a comprehensive analysis of the sustainability of coastal systems and
coastal infrastructure is a dynamic information system for processing spatial information for
short-, medium-, and long-term forecasting of economic activities taking into account climatic,
environmental, economic, legal, and geopolitical changes.
The dynamic model is based on the indicator approach, the methodology of which is described
in part 3.
To take into account medium- and long-term climate, environmental, economic, legal, and
geopolitical changes in the Arctic in assessing the sustainability of coastal systems and the
relevant coastal infrastructure of the regional level of management, it is proposed to use a
comprehensive indicator system consisting of five-factor subsystems:
4.1. Common economic sustainability factors
This group of factors takes into account the level of common economic development of the
region, including such factors as the gross regional product (GRP), the amount of attracted
investments, the level of foreign economic activity, the economic growth, and industrial pro-
duction growth values.
Group of indicators of the common economic sustainability factors (index of common eco-
nomic sustainability) includes:
• indicator of gross regional product;
• indicator of attracted investments;
• indicator of foreign-economic activity;
• indicator of economic growth;
• indicator of industrial production growth.
4.2. Sociodemographic sustainability factors
The importance of the sociodemographic characteristic is determined primarily by the possi-
bility of assessing the prospects for the development of the coastal system and infrastructure in
terms of the availability and the use of labor resources and social comfort of living. This group
is the determining basis for the development of coastal Arctic systems, and, as a consequence,
takes into account factors such as the labor resources, population growth, unemployment
level, education and health facilities, the level of wages, and the Gini index.
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Group of indicators of the sociodemographic sustainability factors (index of sociodemographic
sustainability) includes
• indicator of labor resources;
• indicator of population growth;
• indicator of unemployment;
• indicator of educational and health facilities;
• indicator of the amount of wages and the subsistence wages;
• indicator of Gini index.
4.3. Resource sustainability factors
The volume and variability of the development and use of resources is determined by the
socioeconomic needs of society. The Russian Arctic is characterized by extreme unevenness of
resource use which depends on natural and social factors. Highlighting the enlarged areas of
the development of coastal Arctic complexes, this group takes into account factors such as the
level of development of the gas-oil and mining industry, the industry of biological resources,
the value of cargo turnover of port facilities, the level of development of the manufacturing
industry, the level of tourist importance, and the level of development of transport infrastruc-
ture.
Group of indicators of resource sustainability factors (index of resource sustainability) includes
• indicator of gas-oil and mining resources;
• indicator of marine bio-resources;
• indicator of cargo turnover of port facilities;
• the indicator of manufacturing industry;
• indicator of transport infrastructure development;
• indicator of tourist significance.
4.4. Environmental sustainability factors
The importance of the environmental group of sustainability factors of coastal systems and the
relevant coastal infrastructure is due to the fact that the geographical environment, being a
complex unique formation, has a strong impact on the development and preservation of the
environment. This group takes into account factors such as the square-protected natural areas
of the region, the level of air pollution and waste water emissions, the value of environmental
costs, and the level of morbidity of the population.
Group of indicators of environmental sustainability factors (index of environmental sustain-
ability) includes
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• protected area indicator;
• indicator of air pollution;
• indicator of sewage pollution;
• indicator of the cost of environmental protection;
• indicator of morbidity.
4.5. Politic-geographical sustainability factors
The essence of this group of factors, which is a part of political regionalism, is the study of spatial
(territorial) organization of political life of society and sociopolitical (politic-geographical) sys-
tems, their internal structure in the socioeconomic space of the Russian Arctic, taking into
account the comfort of human habitation. This group takes into account factors such as the
degree of domestic political stability in the region, the level of migration, the level of coastal
concentration of population, the level of regional subsidy, and the level of crime in the region.
Group of indicators of politic-geographical sustainability factors (index of politic-geographical
sustainability) includes
• indicator of domestic political stability;
• indicator of migration;
• indicator of coastal concentration of population;
• indicator of regional subsidy;
• indicator of crime.
According to the presented methodology (part 3), the comprehensive index value of the sustain-
ability of coastal systems and the relevant coastal infrastructure for Russian Arctic regions are
calculated as a medium of five indexes of sustainability.
5. Estimation of the comprehensive value of the sustainability of coastal
systems and the relevant coastal infrastructure of the coastal Arctic regions
According to the presented methodology, the dynamic model of strategic spatial planning of
the regions of the Russian Arctic was developed based on a comprehensive analysis of the
sustainability of coastal systems and coastal infrastructure. For calculation of the indicator
values were used official information of Federal Ministries and Agencies, including statistical
offices and Governments of the coastal Subjects of the Russian Federation.
In particular, for each Subject of the Russian Arctic, the following were calculated and obtained:
• values of the indicators for each of the reduced factors of stability;
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• values of sustainability factor indexes and comprehensive index of sustainability of
coastal systems and coastal infrastructure for 2016;
• forecast values of sustainability factor indexes and comprehensive index of sustainability
of coastal systems and coastal infrastructure for 2025, according to the strategies of
socioeconomic development of the Arctic Subjects of the Russian Federation.
At the same time, it should be noted that the boundaries of each Russian Arctic Subject were
determined according to the Decree of the President of the Russian Federation. According to
these definitions, for the Republic of Karelia, Arkhangelsk Oblast, Krasnoyarsk Krai and Sakha
(Yakutia) Republic, the partial (several local municipalities) territorial belonging to these Sub-
jects of the Russian Federation into the Russian Arctic was taken into consideration when
calculating indicators and indexes.
Indicators and index values were obtained and visualized by using GIS “AZRF Coastal
Systems.”
Analysis of the current situation on the index of common economic sustainability showed that
the Republic of Karelia is in the worst position of all Arctic regions (the index value is 0.30),
which is associated with low economic growth, low investment attraction, and low level of the
gross regional product (Figure 1). The leader in terms of common economic stability is
Yamalo-Nenets Autonomous Okrug (index value 0.74), which is caused by the high level of
the gross regional product, industrial production growth, and a large volume of attracted
Figure 1. Index of common economic sustainability, 2016.
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investments. Interestingly, only the Republic of Sakha (Yakutia) has all the positive values of
indicators.
Forecast for the development of the situation on the common economic sustainability for 2025
was analyzed by the basis of the strategies of socioeconomic development of regions of the
Russian Arctic. In comparison with the current situation, not all Arctic regions were able to
correctly project the development of economic stability. For example, for the Arkhangelsk
Oblast, the index is projected to decline to 0.39, from 0.18 in 2016, and for the Chukotka
Autonomous Okrug to 0.17 from 0.72. First of all, this is due to the low forecasts for the size of
attracted investments, and economic and industrial growth. Also, a serious projected decline
was revealed for the Krasnoyarsk Krai: from 0.19 to 0.32. The leading position on this
indicator will be the Republic of Sakha (Yakutia).
Index of sociodemographic sustainability in 2016 shows the most stable position in Yamalo-
Nenets Autonomous Okrug and Chukotka Autonomous Okrug, with the index values of 0.39,
achieved due to the positive values of all indicators except the Gini index in Yamalo-Nenets
Autonomous Okrug (Figure 2). The high values of the index in the Murmansk Oblast (0.23)
and the Republic of Sakha (Yakutia) (0.21) are due to the stability of the regions in all respects,
except for the unemployment rate, the values of which are quite high in these Arctic regions.
Other regions of the Russian Arctic have lower indices of the sociodemographic sustainability
index. It is interesting that the values of the indicator of educational and health facilities are
Figure 2. Index of sociodemographic sustainability, 2016.
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positive for all Arctic regions, and the indicator of population growth has negative values only
for the Arkhangelsk Oblast and the Republic of Karelia.
By 2025, in all regions of the Russian Arctic, according to their strategies of the socioeconomic
development, the current situation in the Western Arctic regions is projected to continue and
the current situation in the Eastern Arctic regions will become worse, most likely due to the
underestimation of the possibilities of socioeconomic development. The worsening of the
situation in the Republic of Sakha (Yakutia), for which the index value is projected to decrease
from 0.21 (one of the leaders in 2016) to 0.05 (the worst situation in the Russian Arctic), is
especially planned. Thus, the wage indicator values will be positive only in Yamalo-Nenets
Autonomous Okrug, in all regions except the Republic of Karelia, a significant decrease in the
unemployment indicator values is predicted.
The current situation in the resource economic sector demonstrates a rather difficult situation
in all regions of the Russian Arctic, with the lowest values of the corresponding index in the
Republic of Sakha (Yakutia) (index value 0.54), and in the Yamalo-Nenets Autonomous
Okrug, Krasnoyarsk Krai and Chukotka Autonomous Okrug, the index values do not exceed
0.45 (Figure 3). This situation is connected with the sharp one-sided development of the
resource potential of the regions, including a small turnover of port facilities, a low level of the
manufacturing industry, and the infrastructure. More positive is the resource sustainability in
the Western regions of the Russian Arctic, led by the Murmansk Oblast, for which the value
of the resource sustainability index is 0.31, with maximum values of indicators of marine
Figure 3. Index of resource sustainability, 2016.
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bio-resources and cargo turnover of port facilities of the region. The indicator of infrastructure
development is positive only for the Arkhangelsk region.
According to the forecasts of the strategies of the socioeconomic development of theArctic regions,
the situation in the regions in terms of resource sustainability index will remain at the same level.
Significant growth of the index is projected only for Chukotka, with growth of values of 0.45 to
0.15 (due to the forecast for the development of the manufacturing industry in the region), and
Arkhangelsk Oblast with the growth of index values of 0.15 to 0.34, through the development of
port activity, growth ofmanufacturing industry, and the tourist significance in the region.
Examining the current situation in the regions on the environmental sustainability index
draws attention to the generally negative situation throughout the Russian Arctic (Figure 4).
For example, in the Arkhangelsk Oblast, the index value is 0.40, in the Murmansk Oblast, it is
0.38. Against the background of these results, Krasnoyarsk Krai looks best with a positive
index value close to 0.
The following indicators have the greatest impact on the environmental sustainability index:
• air pollution indicator is negative for all Arctic regions except the Republic of Karelia;
• sewage pollution indicator is positive only for Nenets Autonomous Okrug, Yamalo-
Nenets Autonomous Okrug, and Chukotka Autonomous Okrug;
Figure 4. Index of environmental sustainability, 2016.
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• the indicator of the protected area is positive only for the Krasnoyarsk Krai and Chukotka
Autonomous Okrug.
Interestingly, the Nenets Autonomous district is characterized by a low value of the indicator
of the costs of environmental protection.
Predicting using the analysis of strategies of the socioeconomic development of the regions of the
Russian Arctic environmental sustainability index values for 2025, it is necessary to state the
preservation of the current situation in general, and even its slight deterioration, for example, for
the Murmansk Oblast and the Arkhangelsk Oblast, a slight improvement of the environmental
sustainability index is projected only for the Yamal-Nenets Autonomous Okrug.
The politic-geographical sustainability index, which reflects the comfort of living of the popula-
tion of the region depending on the administrative policy of the region, for the current situation
showed that the least comfortable living in the Republic of Karelia (the index value is 0.69) is
associated with a high level of regional subsidy, the level of crime (crime indicator less0.5), and
unstable political situation (the indicator of domestic political stability is less 0.43). On the
contrary, the highest and positive index value was registered for Nenets Autonomous Okrug
only—just above zero, 0.05 (Figure 5). This region, along with the Yamalo-Nenets Autonomous
Okrug, has not regional subsidy from the federal budget, and only this region is characterized by
the positive value of the migration indicator. It should be noted that for the Republic of Karelia
and the Krasnoyarsk Krai, all the values of indicators of this index are negative.
Figure 5. Index of politic-geographical sustainability, 2016.
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The forecast values of the politic-geographical sustainability index for 2025 show a significant
improvement in the situation in almost all Arctic regions, except Nenets Autonomous Okrug
and Yamalo-Nenets Autonomous Okrug, for which the situation will remain unchanged.
Positive values of the index are also predicted for the Murmansk Oblast and Arkhangelsk
Oblast, and the most impressive breakthrough is predicted for the Republic of Sakha (Yakutia):
from 0.43 to 0.05. These changes are associated with positive dynamics according to the
forecasts of indicators of migration and of regional subsidy.
Considering the totality of all the stability indexes obtained, and calculating on their basis
the comprehensive index value of the stability of the Arctic regions, it obtains that at the
moment among all the regions of the Russian Arctic, the leaders are the Murmansk
Oblast, Yamalo-Nenets Autonomous Okrug, and Nenets Autonomous Okrug, with the
values of the complex index in the limit of 0.06–0.09, which is associated with sufficiently
high and stable situation for most indexes (Figure 6). The most unstable situation is
registered in the Republic of Karelia, Krasnoyarsk Krai, and the Republic of Sakha (Yaku-
tia), for which the values of the comprehensive index value of the stability range from
0.12 to 0.15.
In the forecast of the situation for 2025, based on the strategies of socioeconomic development of the
Arctic regions, the situation is slightly improving in the Western regions (Murmansk Oblast, the
Republic of Karelia, and Arkhangelsk Oblast), which more correctly took into account the weak-
nesses of the regions in strategies and plans to improve the socioeconomic situation in general
(Figure 7). At the same time, the Murmansk Oblast will remain the only one that is predicted to
Figure 6. Comprehensive index of stability, 2016.
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have a positive value of the comprehensive index value of the stability (0.11). The forecast situation
in Yamalo-Nenets Autonomous Okrug (with a decline of the value of the comprehensive index
value of the stability from 0.7 to 0.04) and Krasnoyarsk Krai (with a decline of the value of the
comprehensive index value of the stability from 0.12 to 0.20) will deteriorate the most. At the
same time, the Krasnoyarsk Krai is projected as an absolute outsider in terms of sustainability of
development among all Arctic regions of the RussianArctic.
This current and prediction situation signals the socioeconomic development priorities that are
often incorrectly chosen by the Arctic regions and requires adjustment of the strategies of the
socioeconomic development of the Arctic regions and their coordination with the directions of
the socioeconomic development of the Russian Federation.
6. Conclusions
As a result of the research, five indicator groups for different factors of sustainability for the
assessment of coastal systems and coastal infrastructure are obtained. This includes methods
of their calculation on the basis of the analysis of system principles of sustainability of coastal
systems and accounting of medium- and long-term climatic, ecological, economic, legal, and
geopolitical changes in the Arctic, from the point of spatial planning and development of
coastal territorial systems. On the basis of this methodology, a dynamic model of strategic
spatial planning of the Russian Arctic regions and the integrated geographic information
Figure 7. Forecast of comprehensive index of stability, 2025.
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system of coastal systems and coastal infrastructure of the Russian Arctic “AZRF Coastal
Systems,” including the regional component of GIS, were created.
According to the calculation and analysis, at the moment among all the regions of the Russian
Arctic, the leaders are the Murmansk Oblast, Yamalo-Nenets Autonomous Okrug, and Nenets
Autonomous Okrug, which is associated with sufficiently high and stable situation for most
indexes. The most unstable situation is registered in the Republic of Karelia, Krasnoyarsk Krai,
and the Republic of Sakha (Yakutia). In the forecast of the situation for 2025, based on the
strategies of socioeconomic development of the Arctic regions, the situation is slightly improv-
ing in the Western regions (Murmansk Oblast, the Republic of Karelia, and Arkhangelsk Obl-
ast), which more correctly took into account the weaknesses of the regions in strategies and
plans to improve the socioeconomic situation in general. At the same time, the Murmansk
Oblast will remain the only one that is predicted to have a positive value of the comprehensive
index value of the stability. The forecast situation in Yamalo-Nenets Autonomous Okrug and
Krasnoyarsk Krai will deteriorate the most, and the Krasnoyarsk Krai is projected as an
absolute outsider in terms of sustainability of development among all Arctic regions of the
Russian Arctic. These situations signal the socioeconomic development priorities that are often
incorrectly chosen by the Arctic regions and require adjustment of the strategies of the socio-
economic development of the Arctic regions and their coordination with the directions of the
socioeconomic development of the Russian Federation.
Due to the calculations performed, the applicability of this model is shown not only to assess the
current state of the Arctic regions of the Russian Federation but also to predict their development
on the basis of scenario forecast.
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